Background: Interobserver reliability for the classification of proximal humeral fractures is limited. The aim of this study
was observed for selection of the treatment for proximal humeral fractures. The lack of a reliable classification confounds efforts to compare the outcomes of treatment methods among different clinical trials and reports.
Level of Evidence: Diagnostic Level III. See Instructions for Authors for a complete description of levels of evidence.
T he Neer and AO (Arbeitsgemeinschaft für Osteosynthesefragen) classifications of proximal humeral fractures have limited intraobserver and interobserver reliability [1] [2] [3] [4] . Neer indicated that his classification was meant to be applied after operative exposure and believed that radiographs alone would be unreliable 5 ; however, treatment protocols and scientific experiments rely on accurate and reliable fracture characterization prior to surgery. Some investigators have reported that the addition of two-dimensional (2-D) computed tomography (CT) scans did not improve the interobserver reproducibility of either of these classification systems 6 . Recently, Foroohar et al. studied interobserver agreement among sixteen observers (including four upper extremity specialists, four general orthopaedic surgeons, four senior orthopaedic residents, and four junior orthopaedic residents) who utilized radiographs, 2-D CT scans, and three-dimensional (3-D) CT scans to classify such fractures 7 . There was slight agreement on the Neer classification, as indicated by the kappa measure (k = 0.069 to 0.14), and fair agreement on treatment (k = 0.28 to 0.33) across all three modalities 7 , but neither characteristic exhibited strong performance for clinical or research use.
The aim of the present study was to test the null hypothesis that interobserver reliability of the AO and Neer classifications, preferred treatment, and fracture characteristics is the same for 2-D and 3-D CT. A large cohort of practicing surgeons underwent randomization to review either 2-D or 3-D CT scans along with radiographs.
Materials and Methods

T
he study protocol was approved by the institutional review board at the principal investigator's hospital. We invited the members of the Science of Variation Group (fully trained practicing orthopaedic and trauma surgeons from around the world) to participate in an online evaluation of the characteristics, classification, and preferred treatment of proximal humeral fractures. The only incentive for observers to participate was the group authorship of the present manuscript.
We constructed a list of consecutive patients with a proximal humeral fracture, treated at one institution from 2000 to 2010, for which both highquality CT scans (slice thickness, £1.25 mm) and anteroposterior and axillary or scapular-Y radiographs were available. Fifteen fractures were then selected by general consensus of the authors to represent a full spectrum of proximal humeral fracture patterns. The approach of the Science of Variation Group is to gain statistical power through increasing the number of observers rather than the number of observations per observer; this limits the burden on individual observers and thereby hopefully increases participation, allows for more comparisons among observers, and improves external validity.
The 2-D CT slices were converted into a movie (in AVI format) that the observers could scroll through in three dimensions (in the transverse, sagittal, and coronal planes). Two sets of 3-D reconstructions were also made; one set was in the form of a movie showing a vertically and horizontally rotating humerus with a proximal fracture, and the other set showed both the humerus and the surrounding articulating structures rotating around a horizontal as well as a vertical axis.
The members of the Science of Variation Group were randomized in an ideally 1:1 ratio (with use of a computerized random-number generator at the time of invitation) to review radiographs and either 2-D or 3-D CT scans. A total of 371 invitations were sent, of which 193 (52%) went to the 2-D group and 178 (48%) went to the 3-D group. Responses were received from 135 surgeons (36%); sixty-two respondents were from the 2-D group and seventythree were from the 3-D group. Of the respondents, 107 (79%) completed the online survey; 93% of these were male and 7% were female. Forty-six (43%) of these 107 surgeons had been randomized to the 2-D group and sixty-one 
(57%), to the 3-D group. After they had logged on, observers were asked where they practiced, how long they had been in independent practice, whether or not they supervised trainees in the operating room, and what their orthopaedic subspecialty was. Each observer answered the following four yes-or-no questions for each of the fifteen proximal humeral fractures: (1) Is the greater tuberosity displaced? (2) Is the humeral head split? (3) Is the arterial supply compromised? (4) Is the glenohumeral joint dislocated? He or she also classified the fracture according to the AO system 8 and indicated the preferred treatment (operative, percutaneous pinning, open reduction and internal fixation, or hemiarthroplasty) by selecting it from a pull-down menu. No training or criteria were provided. In addition, each observer was asked to classify the fracture according to the Neer system by choosing the correct classification from a subset of pulldown menus. The observer first had to choose the number of ''parts,'' between one and four, and then use the corresponding pull-down menu to choose the structures involved. However, this arrangement proved unsuccessful as only seventeen observers used it correctly.
Statistical Analysis
Interobserver agreement was determined with use of the multirater kappa measure described by Siegel and Castellan 9 , which is a frequently used measure of chance-corrected agreement between ratings made by multiple observers (interobserver reliability). The generated kappa values were interpreted according to the guidelines of Landis and Koch: a value of 0.01 to 0.20 indicates slight agreement; 0.21 to 0.40, fair agreement; 0.41 to 0.60, moderate agreement; 0.61 to 0.80, substantial agreement; and 0.81 to 0.99, almost perfect agreement. Zero indicates no agreement beyond that expected because of chance alone; -1.00, total disagreement; and 11.00, perfect agreement 10 .
A post hoc power analysis was performed with use of nQuery Advisor software (version 7.0; Statistical Solutions, Saugus, Massachusetts). It was calculated that the forty-six observers in the 2-D group and sixty-one observers in the 3-D group would have yielded 80% power to detect a difference of 0.015 in the kappa value for the AO fracture classification.
Source of Funding
No external funding was received for this study.
Results
T
he forty-six observers who were randomized to review radiographs and 2-D CT scans and the sixty-one observers who were randomized to review radiographs and 3-D CT scans 
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were comparable except for the distribution of surgical subspecialties. The 3-D CT group had a greater percentage of hand surgeons and surgeons in the United States as well as a lower percentage of shoulder and elbow surgeons and orthopaedic traumatologists ( Table I) . The observers randomized to the 2-D CT group had minimally, but significantly, better agreement on displacement of the greater tuberosity (k = 0.35 compared with 0.30 for the observers randomized to the 3-D group) and on the AO classification (k = 0.18 compared with 0.17). However, the agreement was no better than fair for any question (Table II) .
Shoulder and elbow surgeons, orthopaedic trauma surgeons, and surgeons in the United States had greater reliability for the AO classification on 2-D CT, whereas surgeons in practice for ten years or less and surgeons from other subspecialties had greater reliability on 3-D CT. However, the differences were again small and the reliability was no better than fair (Table III) .
European surgeons achieved moderate agreement on the splitting of the humeral head (k = 0.42), and American surgeons achieved moderate agreement on displacement of the greater tuberosity (k = 0.42), on 2-D CT. The corresponding agreement using 3-D CT was fair in both cases, and all other ratings by the three geographic subgroups (North America, Europe, and other) had slight or fair agreement. Surgeons with more than twenty years in independent practice achieved moderate agreement on displacement of the greater tuberosity (k = 0.41) on 2-D CT but fair agreement using 3-D CT; agreement on all other ratings by the subgroups defined on the basis of years in practice was slight or fair. Shoulder and elbow surgeons achieved moderate agreement on the displacement of the greater tuberosity on both 2-D and 3-D CT, but agreement on all other ratings in the subspecialty groups was slight or fair. Agreement on preferred treatment was fair or worse in all subgroups (see Appendix).
Discussion
C onsistent with Foroohar et al. 7 , we documented slight to fair agreement overall on proximal humeral fracture classification, characterization, and treatment on both 2-D and 3-D CT scans combined with radiographs. In fact, interobserver agreement was slightly but significantly lower overall on displacement of the greater tuberosity and on the AO classification among surgeons viewing 3-D reconstructions. In particular, 3-D CT was beneficial only for surgeons with a subspecialty other than shoulder and elbow or orthopaedic traumatology and for surgeons with less than ten years in independent practice. One could argue that surgeons who are not used to looking at radiographs and 2-D CT scans benefit from the more intuitive 3-D reconstructions, but the differences were very small and should not be overinterpreted, particularly in the context of the limited reliability overall. Also, cost is a lesser issue because the 3-D reconstructions add only $100 at our institution and can be done for free with use of files in DICOM format and software such as OsiriX (Pixmeo, Bernex, Switzerland).
The strengths of this study include the large number of surgeons, which allowed randomization and subgroup analysis, and the fact that all observers were experienced, practicing surgeons. The study should be interpreted in light of several limitations. First, the data may be subject to the so-called ''kappa paradox'' because the kappa measure was considerably lower than the overall percentage of agreement (Table IV) . If the prevalence of an outcome is low, it causes an imbalance in the marginal totals, generating a lower kappa than one might expect. Consequently, we plan to study the ability of observers to distinguish among a few of the most common fracture types in future studies. Second, the observers had no patient-specific information (e.g., comorbidities, level of activity, and age) on which to base treatment recommendations. Third, we did not train the observers or provide them with measurement tools (for instance, no criteria were specified for greater tuberosity displacement or head splitting), as we were interested in the surgeons' general impressions based on their experience and training. Fourth, there may be important differences between the web interface that we utilized and the usual way in which doctors view radiographs and CT scans. Finally, for practical purposes we chose to limit the study to two classifications systems even though others merit testing. For instance, one study suggested that the classification of Hertel and colleagues-which is widely used in Europe-may have better interobserver agreement, although that agreement was still only moderate 11 . The Neer classification system was originally intended as a classification based on intraoperative findings 5 , and the low reliability found in previous studies might be explained by the attempt to classify fractures on the basis of preoperative imaging. Also, the observers in the present study were not able to navigate the pull-down menu for the Neer classification; instead of choosing the number of ''parts'' between one and four and subsequently choosing the structures involved from the corresponding pull-down menu, they chose the number of parts from each pull-down menu. Only seventeen observers used this menu correctly, and this might emphasize the merit of training in the use of the Neer classification.
To date, the consistently low interobserver agreement of proximal humeral fracture classification has not been consistently or substantially improved by more sophisticated imaging or training 1, 3, 6, [12] [13] [14] [15] [16] . One exception involves the study by Brunner et al., who described an improvement in agreement (from moderate to good) on the AO and Neer classifications with the use of stereoscopic visualization and interactive 3-D imaging by four independent observers classifying forty proximal humeral fractures 17 .
Brorson et al. demonstrated that training of observers holds promise. They randomized observers to either two training sessions or no training, then had them classify forty-two fractures according to the Neer system. The mean difference in kappa between the groups with and without training was 0.30 (95% confidence interval [CI], 0.10 to 0.50; p = 0.006). The mean kappa for interobserver variation improved from 0.27 (95% CI, 0.24 to 0.31) to 0.62 (95% CI, 0.57 to 0.67) with the addition of training 18 . Training also improves the reliability of determining characteristics of other fractures, such as the diagnosis of scaphoid fracture displacement 19 . Although the Neer and AO classifications are helpful conceptually, a reliable classification is necessary in order to be confident that the fractures treated in one trial are comparable with those treated in another. Perhaps a simpler classification would have better interobserver reliability. In future studies, we plan to test the ability of surgeons to reliably distinguish among a few common fracture patterns.
